ABSTRACT -The aim of the present study was to evaluate the effect of the cell isolation process in the alkaline comet assay using epidermal skin cells. When we explored the cell isolation method for the alkaline comet assay using the 3-dimensional (3D) human epidermal skin model, we found that DNA damage and cytotoxicity were induced during the cell isolation process. In particular, trypsin 5 min treatment with ethylene diamine tetraacetic acid (EDTA) showed about 5 times %DNA in the tail value compared to without EDTA treatment. In general, EDTA is commonly used for cell isolation, but it is known to induce genotoxicity due to secondary effects. We therefore evaluated the effect of EDTA and pH in the alkaline comet assay on a monolayer culture of rat keratinocytes. As a result, there was a significant increase of %DNA in tail values by treatment with 0.1 w/v% EDTA for 60 min; however, there was no difference in the %DNA in tail values between 0.1 w/v% EDTA/PBS(-) (pH 6.8) and 0.1 w/v% EDTA/PBS(-) (pH 7.4). These data imply that there is a need to control the EDTA conditions for cell isolation in the epidermal skin cells.
INTRODUCTION
In 2006, international validation studies of the in vivo alkaline comet assay for test method evaluation were started (International Validation Of The In vivo Rodent Alkaline Comet Assay For The Detection Of Genotoxic Carcinogens (Version 14.2)) and have now been completed. The alkaline comet assay is known as a sensitive, rapid and simple method to investigate the response of single cells to genotoxic chemicals; therefore, it has been used in in vitro and in vivo experiments (Tice et al., 2000) . This assay allows us to detect DNA lesions of genotoxic chemicals, such as single-and double-strand breaks, alkali-labile sites and DNA-to-protein crosslinks (Tsuda et al., 2000) . Of the various target organs of chemicals, we are interested in the skin and have previously reported the usefulness of the in vivo skin comet assay (Toyoizumi et al., 2011) and the combination of the in vivo skin comet assay and in vivo skin MN test (Toyoizumi et al., 2012) . The skin has been the focus as a target organ because it can be highly exposed, both acutely and chronically, to various chemicals, including environmental chemicals (Nishikawa et al., 2005) , cosmetics (Preston et al., 2010) and drugs (Brambilla et al., 2010) . For this reason, it is important to evaluate this tissue as a target organ.
In March 2009, the European Union banned part of the in vivo safety testing for cosmetics and cosmetic ingredients (European Center for the Validation of Alternative Methods accepted the skin irritation test using 3-dimensional (3D) human skin as a replacement for in vivo skin irritation tests (based on the "Statement on the Validity of in vitro Tests for skin Irritation," ESAC, ECVAM, April 27th, 2007) ). Consequently, the development of animal replacement methods has recently focused on safety testing, including irritation and genotoxicity (Eskes et al., 2007; Pfuhler et al., 2011) . For instance, skin genotoxicity tests (micronucleus test and alkaline comet assay) have been developed using a 3D human skin model Dahl et al., 2011) . In these reports, we focused on the alkaline comet assay using a 3D human skin model and attempted to develop a skin comet assay; however, we found that DNA damage was induced during the cell isolation process using EDTA and trypsin. Some studies have reported the cytotoxic and genotoxic effects of EDTA in cultured cell lines (Ballal et al., 2009; Hagiwara et al., 2006; Garberg et al., 1988) , animals and biological samples in various laboratory analyses (Ogundele, 1999; Russo and Levis, 1992) ; however, effects on the alkaline comet assay remain unknown. Also, in the chromosome aberration test, it is known that low pH is related to chromosome aberration in Chinese hamster cell lines (Morita et al., 1992) . As an alkaline comet assay is a sensitive assay to detect DNA damage (Tice et al., 2000) , it might be affect pH change. The relation between pH and DNA damage on the alkaline comet assay also remains unknown.
Some researchers have reported factors affecting alkaline comet assay results, such as the agarose concentration, unwinding time, electrophoresis conditions and temperature (Speit et al., 1999; Azqueta et al., 2011) . EDTA and enzymes for cell isolation also might be influencing factors. In particular, EDTA is known to induce genotoxicity due to secondary effects on cultured cell lines (Hagiwara et al., 2006; Garberg et al., 1988) and rodents (Russo and Levis, 1992; Khalil et al., 2008) ; therefore, it is important to evaluate EDTA as a factor affecting the alkaline comet assay.
A fetal SD rat skin (FRSK) cell line was established from fetal SD rat skin, which is useful for the evaluation of cytotoxicity (Sasaki et al., 1991 (Sasaki et al., , 1992 . As this cell line has properties similar to epidermal skin cell, it was selected as a model for evaluation of EDTA effect to epidermal skin cell in this study.
We here evaluated DNA damage and cytotoxicity during the cell isolation process in the 3D human epidermal skin model. We also evaluated the effects of EDTA and pH using the alkaline comet assay in the FRSK cell line. In addition, cytotoxicity was evaluated using the trypan blue exclusion test.
MATERIALS AND METHODS

Chemicals
Sodium chloride (NaCl), dimethylsulfoxide (DMSO), sodium hydroxide (NaOH) and 2-propanol were purchased from Wako Pure Chemicals Industries (Osaka, Japan) and ethylendiaminetetraacetic acid (EDTA) were purchased from Dojindo Laboratories (Kumamoto, Japan). Phosphate-buffered saline (PBS) was purchased from Nissui Pharmaceutical (Tokyo, Japan). Low melting point (LMP) agarose was purchased from Lonza Rockland (Basler, Switzerland). Normal melting point (NMP) agarose, Trizma base and Triton X-100 were purchased from Sigma-Aldrich (St Louis, MO, USA). SYBR Gold was purchased from Life Technologies (Carlsbad, CA, USA).
Cells and culture conditions
For the alkaline comet assay and cytotoxicity test, the LabCyte EPI-MODEL24, purchased from Japan Tissue Engineering Co. Ltd. (Aichi, Japan), was used, which is embedded in an agarose gel containing nutrient solution and shipped in 24-well plates (Katoh et al., 2009) . It was maintained in assay medium according to the manufacturer's instructions. Cells were cultured in the dark in a humidified incubator with an atmosphere of 5% CO 2 in air at 37°C. For the alkaline comet assay, FRSK was used, which was obtained from the Japanese Collection of the Research Bioresources (JCRB) Bank. Cells were maintained in minimal essential medium (MEM; Nissui, Tokyo, Japan) supplemented with 10 v/v% fetal bovine serum (FBS; Nichirei Biosciences Inc., Tokyo, Japan). This cell line was cultured in the dark in a humidified incubator with an atmosphere of 5% CO 2 in air at 37ºC.
Alkaline comet assay using 3D human epidermal skin model
The alkaline comet assay was performed using below three cell isolation methods (methods A, B and C).
The cell isolation method A was performed according to the method of Dahl et al. (2011) , which has been used in the micronucleus (MN) test using a 3D human epidermal skin model. Tissue insert was placed in 1 ml PBS(-), which was Ca 2+ and Mg 2+ free, at room temperature for 15 minutes (min). The tissue insert was removed from the well, placed in 1 ml of 0.1 w/v% EDTA/PBS(-) whose pH was 6.8, and incubated for 15 min at room temperature. The tissue was then removed from the insert. The tissue was incubated with 1 ml of 0.25% trypsin for 15 min at room and suspended in 1 ml MEM (+10 v/v% BS) by gentle pipetting. Further, 250 μl of 0.25% trypsin was added to the insert, which was incubated for 15 min at room temperature. After treatment, the insert was suspended in 250 μl MEM (+10 v/v% BS) by gentle pipetting. These cell suspensions were then passed through a 70 μm cell strainer for the alkaline comet assay. The experiments were repeated twice independently.
The cell isolation method B was performed according to the method A, except that trypsin treatment was performed at 37ºC for 5 min. The experiments were performed once.
As the EDTA is known to induce genotoxicity due to secondary effects on mammalian cell lines (Hagiwara et al., 2006; Garberg et al., 1988) , the cell isolation method C was performed according to the method B without EDTA treatment. The experiments were repeated twice independently.
After cell collection, the alkaline comet assay was performed according to the method described in the "Fourth International Workgroup on Genotoxicity testing: results of the in vivo Comet assay workgroup" (Burlinson et al., 2007) and "International validation of the in vivo rodent alkaline comet assay for detection of genotoxic carcinogens (Draft version 14.2)".
The slide glasses were coated with 1.0 w/v% NMP agarose solution the day before preparation of the specimens for the alkaline comet assay. A 40 μl sample was mixed with 360 μl of 0.5 w/v% LMP agarose solution. The 150 μl mixture was layered on 1.0 w/v% NMP agarose and covered with cover glass. This slide was placed on ice and refrigerated for more than 20 min. Each cover glass was removed from the slide glass, and the slide was immersed in 150 ml chilled lysing solution (100 mM Na 2 EDTA, 2.5 mol/l NaCl, 10 mmol/l Trizma base, 1 v/v% Triton-X 100 and 10 v/v% DMSO, pH 10) overnight at 4ºC. After lysis, the slide was washed with chilled water. The slide was then placed in alkaline electrophoresis buffer for 20 min. Electrophoresis was performed at 26 V (0.7 V/cm), 0.3 A for 20 min at 4ºC. After completion of electrophoresis, the slide was immersed in neutralization buffer for 20 min. The slide was dehydrated by immersion in absolute ethanol (99.6%) for 10 min. The cells were stained with 50 μl SYBR Gold (1:10,000 dilution of liquid concentrate with TE buffer (pH 7.5). Coded slides were analyzed using a fluorescence microscope (magnification: 200 ×) equipped with a digital camera. For each sample, 50 comets per slide were analyzed, with two slides scored per sample. The percent of DNA (%DNA) in the tail was measured according to the DNA damage degree using computer software (Comet Assay IV version no. 4.11; Perceptive Instruments, Suffolk, UK). Furthermore, comets with a distinct head and tail due to highly fragmented DNA (Rundell et al., 2003) were counted as "hedgehog" comets, which have the possibility of dead cells (Struwe et al., 2007) . The frequency of hedgehogs was determined per sample based on the visual scoring of 50 cells per slide. Also, comet analysis by computer software was conducted except hedgehog comets.
Trypan blue exclusion test using 3D human epidermal skin model
The trypan blue exclusion test was performed using above three cell isolation methods (methods A, B and C).
After cell isolation using the above three cell isolation methods (see Section 2.3), each cell viability was evaluated using trypan blue staining (Altman et al., 1993) . Triplicate tissues were used for an experiment in each group.
Alkaline comet assay using FRSK cells
In the first experiment, FRSK cells were harvested with 0.02 w/v% EDTA/PBS(-) (pH 7.3) and 0.25% trypsin (Life Technologies) and the number of cells was counted with a hemocytometer. The cells were seeded on 35 mm plastic cell culture dishes (Corning) at 1.5 × 10 5 cells/dish and cultured for 72 hr, after which the culture medium was replaced by 5 ml PBS(-), 0.02 w/v% EDTA/ PBS(-) or 0.1 w/v% EDTA/PBS(-) (pH 6.8). The cells were then incubated for 5 to 60 min at room temperature, harvested with 0.25% trypsin for 5 min, and suspended in 2 ml MEM (+10 v/v% BS). In the PBS(-) treatment group and no treatment group, the cells were rinsed with 0.02 w/v% EDTA/PBS(-), harvested with 0.25% trypsin for 5 min, and suspended in 2 ml MEM (+10 v/v% BS). The alkaline comet assay was performed according to the above method (see Section 2.3). The experiments were repeated 3 times independently. In the second experiment, the cells were seeded on 35 mm plastic cell culture dishes at 1.5 × 10 5 cells/dish and cultured for 72 hr, after which the culture medium was replaced by 5 ml of 0.1 w/v% EDTA/PBS(-) (pH 6.8) or 0.1 w/v% EDTA/PBS (-) (pH 7.4), and incubated for 60 min. The cells were harvested with 0.25% trypsin for 5 min and suspended in 2 ml MEM (+10 v/v% BS). In the no treatment group, the cells were rinsed with 0.02 w/v% EDTA/PBS(-), harvested with 0.25% trypsin for 5 min, and suspended in 2 ml MEM (+10 v/v% BS). The alkaline comet assay was performed according to the above method (see Section 2.3). The experiments were repeated 3 times independently. In addition, cell viability was evaluated using trypan blue staining (Altman et al., 1993) .
In both comet and hedgehog analyses, differences between the averages of each treated group and control group were compared using Dunnett's test (one-tailed) as the variances were homogeneous based on Bartlett's test. A p-value of < 0.05 was considered significant.
RESULTS
Alkaline comet assay on 3D human epidermal skin model
%DNA in tail values in methods A, B and C were 38.7, 23.5 and 4.6, respectively ( Figs. 1 and 2 ). The percent of hedgehog (%Hedgehog) in methods A, B and C was 24.5, 27 and 5%, respectively (Fig. 1) .
Trypan blue exclusion test on 3D human epidermal skin model
Cell viability in methods A, B and C was 27.8, 47.8 and 90.2%, respectively (Fig. 3) .
Alkaline comet assay using FRSK cell line PBS(-) and 0.02 w/v% EDTA/PBS(-) did not significantly increase %DNA in tail values with any treatment time (Fig. 4) ; however, a significant (p < 0.01) increase of %DNA in tail values was observed by 60 min treatment with 0.1 w/v% EDTA/PBS(-) (pH 6.8) (20.5 ± 3.5) compared with the no treatment group (9.6 ± 3.0), while there were no significant increases of %hedgehog in any groups (%hedgehog by treatment for 60 min with PBS(-), 0.02 w/v% EDTA/PBS(-) and 0.1 w/v% EDTA/PBS(-) (pH6.8) were 0.75 ± 0.4 %, 1.0 ± 0.5 % and 1.3 ± 1.0%, respectively).
Comparison between pH 6.8 and pH 7.4 in alkaline comet assay and trypan blue exclusion test using FRSK cell line When compared with the no treatment group (11.4 ± 0.5), significant increases of %DNA in tail values were observed by treatments with 0.1 w/v% EDTA/PBS(-) (pH6.8) (19.5 ± 3.4, p = 0.0034) and 0.1 w/v% EDTA/ PBS(-) (pH7.4) (15.5 ± 1.4, p = 0.048) (Figs. 4 and 5) . Further, there were no significant increases of %hedgehog in any groups (no treatment group: 1.2 ± 0.3 %, 0.1 w/v% EDTA/PBS(-) (pH6.8): 1.3 ± 1.0 %, 0.1 w/v% EDTA/ PBS(-) (pH7.4): 1.2 ± 0.6 %). Also, the viability of cells was more than 96.3% in all groups (data not shown).
DISCUSSION
When we studied the cell isolation methods using a 3D human epidermal skin model, we found that DNA damage and cytotoxicity were induced during the cell isolation process. (Figs. 1, 2 and 3) . Interestingly, trypsin 5 min treatment with EDTA treatment showed about 5 times %DNA in tail value compared to without EDTA treatment. EDTA is commonly used for cell isolation, but it is known to induce genotoxicity due to secondary. From these findings, it was thought that the presence of EDTA was one of the particularly-important factors inducing DNA damage. EDTA is negative in the Ames test (McCann et al., 1975) ; however, it has reported that some of genotoxicity tests using mammalian cell lines (Hagiwara et al., 2006; Garberg et al., 1988) and rodents (Russo and Levis, 1992; Khalil et al., 2008) showed positive responses. It is thought that a chelating effect might be responsible for genotoxicity (Hagiwara et al., 2006; Khalil et al., 2008) . Therefore, in order to evaluate the effect of EDTA on the alkaline comet assay using epidermal skin cells, we evaluated the EDTA concentration in the FRSK cell line. As a result, 60 min treatment with 0.1 w/v% (about 3.4 mM) EDTA significant increased %DNA in tail values in the alkaline comet assay; however, 60 min treatment with 0.02 w/v% did not increase %DNA (Fig. 4) . From previous researches, it is known that EDTA exerts genotoxic effects on cultured cell lines by more than 0.25 mM (Garberg et al., 1988; Hagiwara et al., 2006) ; therefore, our results also show genotoxic effects on the FRSK cell line. From these findings, it was thought to be necessary to control EDTA treatment conditions.
In the chromosome aberration test, it is known that low pH is related to chromosome aberration in Chinese ham- ster cell lines (Morita et al., 1992) . A comet assay is a sensitive assay to detect DNA damage (Tice et al., 2000) , which might be affect pH change. In order to clarify the effect of pH in this study, we compared the DNA damage potential and cytotoxicity of 0.1 w/v% EDTA/PBS (-) (pH 6.8) and 0.1 w/v% EDTA/PBS(-) (pH 7.4) in the FRSK cell line. As a result, no difference in the %DNA in tail values was found between 0.1 w/v% EDTA/PBS(-) (pH 6.8) and 0.1 w/v% EDTA/PBS(-) (pH 7.4) (Figs. 5 and 6); therefore, it is thought that increasing %DNA in tail values by EDTA treatment is not related to pH side effects. Some researchers have reported factors affecting alkaline comet assay results, such as the agarose concentration, unwinding time, electrophoresis conditions and temperature (Speit et al., 1999; Azqueta et al., 2011) . However, they did not evaluate the effects during the cell isolation process. In addition, we think that EDTA treatment for cell isolation is also factors affecting alkaline comet assay results from our findings. Controlling these factors would lead to obtain a result with sufficient reproducibility. D 'Errico et al. (2007) reported that cell-type differences (keratinocytes and fibroblasts) affected the response to chemicals. Our finding also might be a particular cell type-specific response. Thus, there might be a need to control the EDTA treatment time and EDTA level depending on the cell type, if EDTA is used for cell isolation.
In this study, we focused on the EDTA effect; however, selection of enzyme for cell isolation affects alkaline comet assay results (Flamand et al., 2006) . In the future, we need to evaluate treatment conditions of trypsin and different varieties of enzyme for cell isolation.
These data imply that there is a need to control the EDTA conditions for cell isolation, at least in the epidermal skin cells. Thus, it needs to shorten the time of EDTA treatment or to reduce EDTA level in the epidermal skin cells. In addition, it would be usefulness to omit EDTA treatment in 3D skin model. In conclusion, the effects during the cell isolation process described here would help to establish and improve the testing methodology of the alkaline comet assay using epidermal skin cells. 
